BEST AVAILABLE COPY 



WORLD INTELLECTUAL PROPERTY ORCiANEATtON 
Inteniational Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TliEATY (PCT) 



(51) Intmational Patent Clasafication ^ : 
A61K 39/08 



Al 



(11) lotjanatbnal PabUcation Nambo^ WO 94/22476 

(43) Intanational Pablicatioii Date: 13 October 1994 (13.10M) 



(21) Internatioiial AppBcation Number: PCrAJS94A)3395 

(22) Intonatioiial FlUng Date: 29 Maicb 1994 (29.03.94) 



(30) Priority Data: 
OS^038,428 



29 March 1993(29^)3.93) 



US 



(€0) Parent Application or Grant 
(63) Related by Condnoation 
US 

Filed on 



0S/Q38,428 (CON) 
29 March 1993 (29.03^) 



(71) Applicant (for ail designated States except US): SMTTHKUNE 

BEECHAM CORPORATION [US/US]; Corporate Intellec- 
tnal Property, UW2220, 709 Swcdeland Road, P.O. Box 
1539. King of Prussia, PA 19406-0939 (US). 

(72) Inyentor; and 

(75) Inventor/Appficant (for US oniy)i ROBERTS, David, S. 
[USAJS]; 1020 Rockhurst Drive, Lincoln, N£ 68510 (US). 

(74) Agents: KING, WlHiam, T. et aL; SmitfaKline Beechazn 
Corporation, Corpofate InteDectual Property, UW2220, 709 
Swedeland Road, P.O. Box 1539, King of Prussia, PA 
19406-0939 (US). 



(81) Designated States: AU, CA, JP, US, European patent (AT, BE. 
CH, DE. DK, ES. FR, GB. GR, IE. IT. LU, MC, NL, FT, 
SE). 



Published 

With intemational searvh report 



(54) Tifle: MULTI<X)MPONENT CLOSTRIDIAL VACX3NES USING SAPONIN ADJUVANTS 
(57) Abstract 

Novel mnhicompouent clostridial vaccine formnlaticms using readily dispcisible, ncHi-depot adjuvants, socb as sap rmin , are disclosed. 
The vaccines can be adin'mis>ni.Bd to cattle intramiismhrv or snbcctaneonsly without die severe persistent local teactkMiSj stkA mt gratm kwnafi^ 
abscesses, and scasdng, ncnnally seen with other mnltioomponent clostridial vaccines. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to idendfy States parly to the PCT on the front pages of pamphlets pubfishing mtemadooal 
ai^iications onder the PCT. 



AT 


Anstiii 


GB 


United Xingdaai 


MR 




AU 


AmtnUi 


GE 


Geofgu 


MW 


Malawi 


BB 


BiibidoB 


GN 


Gimea 


NE 


Niger 


BE 




GR 


GrOBCc 


NL 


Nclhrj lands 


BF 




HD 


Hmigsy 


NO 


Norway 


EG 


Bolgnu 


IE 




NZ 


NewZeakDd 


BJ 


BCQID 


IT 


Italy 


PL 




BR 


BnzU 


JP 


Jipm 


PT 


Posti^al 


BY 


Bdma 


KE 




RO 




CA 


Ciotdt 


KG 


Kyxjiyitiu 


RC 


RiKiiaa Fodstatxio 


CF 


GcQftsl A ff im t\ Rcpii^^c 


KP 


DenoQitic Pooptc*t Repidrtsc 


SD 


Sodaa 


CG 


COQ^ 




of Eoica 


S£ 


SwodCD 


CH 


Switzsttod 


KR 


RcpnbBc of Koiea 


SI 


Skyvenia 


a 


COcedlvmre 


KZ 




SK 


Sknrakia 


CM 




U 


Tinitfnnrna 


SN 




CN 


CbasM 


LK 


Sd Lanka 


TO 


Chad 


G5 


C^scb06tovdQ& 


LD 




TO 


Togo 
Tajikistan 


C2 




LV 


Latvia 


TJ 


DE 




MC 




TT 


^^imdad aod Tobago 


DK 




MD 


RepUbBc of Moldova 


UA 


UkRxoe 


E5 


Spain 


MG 




VS 


United Statca of Amoica 


n 


Hntaod 


ML 


Ha& 


vz 




FR 


i¥lQCC 


MN 


fttoDgo&a 


VN 


Viet Nun 


GA 


Gafaoo 











wo 94/32476 PCT/US94/03395 



10 



15 



20 



USmn SAPOKT N ADJIA^ANT<f 

Technical Fi^H 

TTie present invention relates generally to vaccine compositions and 
methods of using the same. More specificaUy, the invention pertains to 
multicomponent clostridial vaccines made without stabilizing cairiere or depot 
adjuvants, but rather with a readily dispersiUe, water-soluble adjuvant, saponin. 

The genus Clostridium is composed of anaerobic, spore-forming, rod- 
shaped bacteria. The organisms occur naturally in sou as weU as in the intestinal tract 
of animals, including man. Pafliogenic strains are acquired eitiier by wound 
contamination or by ingestion. Members of the genus are responsible for a wide 
variety of diseases which, in the absence of vaccination, cause significant economic 
losses to the farming industry. Such diseases include red water disease, big head, 
blackleg, the enterotoxemias, infectious necrotic hqatitis, maUgnant edema, botulism 
2 5 and tetanus, among others. 

Antibiotic treatment of clostridial infections is rarely predictable and 
often ineffective. Accordingly, such infections are generally conuolled 
prpphylactically. using vaccine compositions containing one or more clostridial 
bacterins or toxoids. See, e^., U.S. Patent Nos. 4,292,307; 4.264,588; 3,579,633; 
Webster, A.C, and Frank. CL. (1985) Austral. Vet. J. £2:112-114; Kerry. arid 
Craig, GJL (1979) The Veterinary Record m 551-554; Stemtetal. (1962) The 
Veterinary RecordlA: 909-913. Clostridial toxoids are soluble proteins of relatively 
low antigenicity and. traditionally, poor stability. Thus, clostridial 
vaccines require adjuvants in order to increase antigenic potency and enhance 
stabffity. In particular, aluminum compounds, which are capable of adsortring and/or 
precipitating clostridial toxoids, as weU as retaining the toxoids at tfie injection site, 
are typically used. See, e.g., •Diomson. R.O., and Knight, P.A. (1976) Develop. Biol. 
Staruiard^:265-269; Tbowson et al. (July 26, 1969) The Veterinary Record pp. 81- 
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85. Other potent depot adjuvants, such as water-in-oU emulsions and carbopol, have 
also been used in clostridial vaccines. The above-described adjuvants, although 
increasing antigenicity, usuaUy provoke severe persistent local reactions, such as 
granulomas, abscesses and scarring, when injected subcutaneously or intramuscularly. 
These local reactions are, in turn, responsible for carcass blemish which requires 
expensive trimming, a consideration when the vaccine has been injected into muscle 
tissue destined to be a valuable cut of meat 

Saponins are glycosidic natural plant pnxiucts, grouped together 
based on several common properties. The saponins are surfactants, a characteristic 
iUustrated by their tendency to foam when shaken. Saponins are able to lyse red 
blood cells, form complexes witii cholesterol and are toxic to fish. Saponins have 
been employed as adjuvants in a number of vaccine compositions including vaccines 
against protozoal infections (U.S. Patent No. 4,767,622), canine distemper vaccines 
(U.S. Patent No. 5,178.862). vaccines against foot and moutii disease, among others 
Awad et al. (1986) Assiut Vet. Med. J. Us^Ql-llA describe a comparison of single 
conponent blackleg vaccines including eidier alum, aluminum gd with saponin or oU 
adjuvants. However, the use of soluble adjuvants that are rcadUy dispersed ftom the 
injection site, and have no depot effect, such as saponin, with a mulricomponent 
ctostridial vaccine, has not heretofore been described. 



Disciosnre nf ttif Tmrtiirn 

The present invention is based on the surprising discovery that die 
water-soluble adjuvant, sqwnin. can be used in place of a depot adjuvant in 
mulricomponent clostridial vaccines for cattle. The vaccines are safe and nontoxic. 

Accordingly, in one embodiment, the invention is directed to a 
multicomponent clostridial vaccine composition comprising two or more clostridial 
immunogens and a dispersible, sohible adjuvant 

In another embodiment, die subject invention is directed to a 
rnulticomponent clostridial vaccine composition conqjrising: 
0 (a) clostridial bacterins or toxoids derived from each of Clostridium 

chauvoei, Clostridium septicum, Clostridium navyi, Clostridium sordellU, 
Clostridium perfringens. Type C and Clostridium perfringens. Type D; a^ 
(b) a saponin adjuvant 

In yet another embodiment, ±e invention is directed to a 
5 rnulticonqxHiait clostridial vaccine conqjositionconqjrising: 
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(a) clostridial bacterins or toxoids derived from each of Clostridium 
haemofyticum, Clostridium chauvoei, Clostridium septicum, Clostridium novyi, 
Clostridium sordellii, Clostridium perfringens. Type C and Clostridium perfnngens. 
Type D; and 

5 (b) a saponin adjuvant 

Still other embodiments of the present invention are directed to 
methods of preventing or treating clostridial infection in a bovine animal, and 
metiiods conqjrising administering effective amomits of tiie subject vaccine 
1 0 compositions to the bovine animyl , 

In particulariy preferred embodinoents, die administering is done 
intramuscularly or subcutaneously. 

These and otiier embodiments of the subject invention will readily 
occur to those of onlinaiy skill in the art in view of the disclosure herein. 
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DetaneriTVorrip^^n 

TTie practice of the present invention will etaploy, unless otiierwise 
indicated, conventional techniques known in die art of clostridial microbiology and 
immunology. Such techniques are explained in, c.^., Steme and Batty (1975) 
Pathogenic Clostridia (Butterwordis, Boston); Joint OIE-IABS "Symposium on 
Qostridial Products in Veterinary Medicine" in Developments in Biological 
Standardization, VoL 32, S. Karger, Basel (1976). 

An patents, patent appHcations and publications cited herein, whether 
siqn-a or iifi-a, are hereby incorporated by reference in tiieir entirety. 

As used in this specificatiOT and die qjpended claims, die singular 
forms "a," "an" and "die" include plural references unless the content deariy dictates 
odierwise. 

A. Definiriftng 

In describing die present invoition, tiie following terms will be 
en5>loyed, and are intended to be defined as indicated below. 

By "sqxjnin" is meant any of die sapogeain glycosides found in a wide 
variety of plants, as weU as derivatives tiiereof, which arecapable of incrwsing die 
potency of an antigen administered tiierBwidi. Tbt s^genin modety is generally a 
steroid, a triterpenoid or a steroidalcaloid. The sugar moiety may vary greatly and 
can be, e.g., a glucose, galactose, pentose, metiiylpentose, among otiiers. 
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A "muldcomponent" clostridial vaccine composition refers to a 
vaccine derived ftom cultures of two or more serotypes of the same clostridial 
species and/or cultures derived fix)m different clostridial species. A mulriconponent 
vaccine wiU generally be derived ftom 2 to 15 different serotypes or species, more 
5 usuaUy 2 to 10 different serot>-pes or species, depending on the diseases in question 
and the subject being treated. 

An "immunogen" refers to a substance that, when introduced into an 
animal, stimulates an immunological response, as defined below. Forpuiposes of the 
present invention, an immunogen refers to a whole organism (live, killed or 
1 0 attenuated), a preparation separate and discrete ftom a whole organism with which 
the preparation is associated in nature {e.g., a toxoid preparation made by 
inactivating a toxin released fiom the organism or a protein contained in a cell free 
extract derived fiom the whole organism), or a molecule containing one or more 
epitopes that will stimulate an immunological response. 

An "immunological response" to a composition or vaccine is the 
development in the host of a ceUular and/or antibody immune response to the 
composition or vaccine of interest, such that clostridial disease symptoms are either 
prevented or reduced. 

By "bovine subject" is meant any of the various cow or ox species, 
whether male or female. The term does not denote a particular age. Thus, both Jdult 
and newborn animals are intended to be covered. 
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B. GenKral j^ffi^f; 

Central to the present invention is the surprising discovoy that stable, 
potent, multicomponent clostridial vaccines can be made without the use of depot 
adjuvants. In particular, the present invention provides for vaccines including rapidly 
dispersed, soluble adjuvants, that is, adjuvants that are not retained at the injection 
site for a significant period of time, thereby exhibiting low tissue reactivity. TTje 
vaccines can be administered intramuscularly and snbcutaneously without the harmful 
30 side cfiGects and chronic inflammatory responses that produce granutomas and 
abscesses, seen with other clostridial vaccine compositions when administered via 
these routes. 

The vaccines are polyvalent, that is, they are derived fiom cultures of 
two or more clostridial serotypes and/or fiom different species of Clostridium. 
35 Accordingly, die immunogens can be derived from any of the clostridial species and 
serotypes thereof, depending on the disease or diseases targeted, such as, bat not 



wo 94/22476 PCT/US94/03395 

limited to C. perfringens; C. septicum; C. teiani; C. chauvoei; C. novyi; C. sordellii; 
C. haemolyticitnv, C. bomlinum; and serotypes of these species. 

Of particular interest, are multicomponent vaccine compositions 
derived fiom bacterins of C. chauvoei and toxoids of C. haemofyticum, C. chauvoei, 
5 C. septicum, C.novyiX. sordellii znd C. perfringen5,'Ty^s C sndT>. ^yichz 
multicomponent vaccine composition is termed an "8-way" vaccine herein because it 
provides immunity not only against the specific organisms identified, but also against 
C. perfringens. Type B. Another particularly preferred vaccine contains the same 
fractions as above, with the exception of C. haemofyticum and, hence, is referred to 
10 as a '7-way" vaccine. 

Non-clostridial antigens may also be added to die vaccines to afford 
protection against a wide spectrum of diseases. For example, antigens derived from 
Moraxella bovis, Haemolphilus sommis, PasteureUa hemofytica, various respiratory 
viruses, as weU as others, can be added to die multicomponent clostridial vaccine 
15 OMnpositions of the present invention for use bovine subjects. 

The clostridial immunogens are generally provided as toxoids 
(inactivated toxins) and/or as bacterins (killed, inactivated whole cultures) and can be 
prepared using conventional metiiods, weU known in the art For example, die 
organisms of interest are grown in a suitable medium under anaerobic conditions and 
2 0 controUed conditions of temperature, pH, and so forth, readily determined by a 

skilled artisan. Suitable media are generally aqueous solutions of peptones, usually at 
concentrations of 1 to 4% (w/v), which may be fortified with extracts of yeast or 
organs such as muscle, liver and pancreas, or witii vitamins and odier growtii factors. 
A sugar, such as glucose, is added as a source of carbon and energy. Reducing 
25 agents, such as cysteine Ha may also be added in low concentrations, e.g^ 0.01 to 
0.05% (w/v). Organisms are generally incubated for4 to 72 hours, or longer, 
depending on die rate of growth or toxin production of die particular culture. The 
culture is then processed as follows. 

Cultures are first inactivated using formalin (Formaldehyde Solution, 
30 USP)atanappropriateconccntration,temperatureandpH,foraperiodof 1 to5 
days. d«!pending on die particular culture. It is prefeired to minimize die exposure to 
formaldehyde. Inactivarion kills the bacteria and converts die toxins to harmless, but 
effectively antigenic, toxoids. The procedures for inactivating bacterial cultures, are 
well known to, or readily determined by, one of skill in die art 
35 If bacterins are desired, inactivated cultures may tfjen be left whole-or 

die killed bacteria separated from die medium by i^„ centrifugation and/or filtering. 
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The cells may be further purified using conventional means, such as by additional 
centrifugation and/or dialysis. 

If toxoids are to be used in tiie vaccine compositions, the inactivated 
cultures can be concentrated and toxoids partially purified by salting out torn the 
5 filtrate, using ammonium sulphate, or by molecular filtration, with or without 
diafiltration. The toxoids can be finthcr purified by dialysis or centiifugation to 
elinunate salts. Any residual inactivating agent can be partially or completely 
neutralized using a ncutralizer such as a sodium bisulfite solution, added to between 
about 0.1 to 0.25% v/v. See, e.g., U.S. Patent Nos. 3,579,633; 4,264,588; and 
1 0 4,292,307; as well as Lozano. RA. (1981) Am. J. Vet. Res. 42:1641-1644, for 

procedures for producing closttidial toxoids, aU incorporated hocin by icfeience in 
tiieir entirety. 

The above-described bactmns and toxoids are administered in vaccine 
compositions including a readily dispersible {Le., non-depot), soluble adjuvant, 

1 5 tfiereby avoiding chronic irritation at the injection site. Such adjuvants include, for 
«cample, mild oil-in-water emulsions made witii mineral oil, such as, for example, 
Amphigen (U.S. Patent No. 5,084,269) and cytokines, such as any of die various 
interieuldns or interferons. 

Particularly preferred dispersible, ncm-depot adjuvants for use with the 

2 0 present vaccine compositions are saponins. Saponins can be obtained coimnercially, 
from, e.g., Beighausen Corporation, (Qncinatti, OH); Sigma Chemical Co. (St 
Louis, MO), Aldrich (Nfilwaukee. WI). Alfa (Ward Hill, MA). Alternatively, 
saponins can be extracted from any of many plant species, such as fiom Gypsophilia 
sp., Saponaria sp.. Quillaja saponaria, QuOlaja moUna, die galenicals such as 

25 Akebia quinaxa, Fatsiajaponica, Caulophyllum robustum, Hedera rhombea. 
Clematis chinensis, Pulsatilla cemua, Sapindus mukurossi, Panax japonicum, 
Gfycyrrhiza glabra, Gfycyrrhiza uralensis, Pofygala senega, Platycodon 
grandiflorum, Pofygala tenuifolia, Achyramhesfauriei, Achyranthes bidentaia. 
Cyclamen europaeum. Primula officinalis, Bupleurumfalcatum, Panax ginseng, 

30 Panax notoginseng, Panax quinquefolium, among o&tis. Methods for extracting 
saponins from these sources are known in the art See, e.g., U.S. Patent Nos. 
5,057,540 and 4,501,734, as well as International Publication No. WO88/09336, 
incorporated herein by reference in their emmty. 

The vaccine con^sitions are generally formulated with a 

35 phaimaceutically acceptable vehicle or excipient Suitable vehicles are, for example, 
water, saline, dextrose, glycerol, ethanol, or die like, and combinations thereof. In 
addition, if desired, the vehicle may contain minor amounts of auxiliary substances 
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such as wetting or emulsifying agents and pH buffering agents. Although the 
inactivating agents used to pnxiuce the toxoids also serve as preservatives, additional 
preservatives can also be added to the vaccine fonnulations. Such preservatives are 
known in the art and include thimeiosal. phenol and phenolic compounds, as well as 
annbiotics. Suitable vaccine vehicles and additives arc known, or will be appair^nt to 
those skiUed in the ait Si^, e.g.. Remington's Pharmaceutical Sciences.M^ck ' 
Publishing Company. Easton. Pennsylvania, 18th edition, 1990. Particularly 
preferred compositions are composed of an aqueous suspension or solution 
containing the clostridial con^nents. preferably buffered at a pH of ^proximately 



For exanq)le, injectable vaccine formulations are prepared by 
combining an effective amount of two or more of the bacterins and/or toxoids 
prepared as described above, in proportions determined by their assayed antigenic 

content, the exact amount being readily determined by one skiDed in the ait For 
purposes of the present invention, an "effective amount" of a clostridial component 
be that amount required to generate an amount of circulating antibody sufficient 
topreventorreducedostridialdiseasesymptoms. Such amounts can be expressed 
using any of several units. For example, effective amounts of clostridial bacterins are 
usually expressed in terms of opacity or absoriiency units (O.U. or A.U^ 
respectively). These units are based on the optical density (OD.) of the'culture as 
measured at a suitable wavelength, such as 625 ma TTie 0X>. value is then 
multiplied by the volume of thecuhure in onedoseofvacdne. Forexanq,le.an 
antigen dose of tiuee O.U. would be provided by 0.5 ml of culture having an O D of 
six. Effective amounts of toxoids may be measured in terms of L+. AnL+unitof 
toxoid IS equivalent to one unit of standard antitoxin, as determined by toxin- 
antitoxin titration in mice. (B.C. Jansen in Developments in Biological 
Standardization, VoL 32. P. 91. S. Kaiger. Basel (1976). Effective amounts may 
also be measured in mice based on die minimum lethal dose (MLD), die dose that is 
lethaltoat least 80% of tiie mice tested. Effective amounts can also be expressed 
witii respect to total combining power CTCP) units, determined using immunosori,ant 
assays to measure tiie abiKty of tiie toxcad in a culture to blanket and neutralize die 
combining sites on an antitoxin molecule of a standaidized antiseram. 

Effective amounts of typical clostridial components are as foUows- 
C. chamoei - about 1.5^ O.U.. preferably about 2-2.5 O.U.. and optimally about 
35 2.28 O.U.; ' 

C. s^ticum - about 500-2000 MLD. preferably about 800-1200 MLD. and 
qptinaally about 900 MLD before inactivation; 

-7- 
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C. navyi - about 5000-30000 MLD. preferably about 10000-20000 MLD, and 
qplimally about 15,000 MLD before inactivation: 

C. sordeim - about 25-100 L+. preferably about 40-60 L+. and optimally about 50 
L+ before inactivation; 

C. perfringens. Type C - about 200-500 L+. preferably about 30^400 L+, and 
optimally about 375 L+ before inactivation; 

C. perfhngens. Type D - about 50-200 L+, preferably about 80-120 L+. and 
optimally about 100 L+ before inactivation; and optionally 
C. haemofyticum - about 150-500 L+. preferably about 250-300 L+. and optimally 
about 270 L+ before inactivation. Whole C. haemofyticum cells can also be added in 
an amount of about 2-8 O.U., more preferably about 4-5 O.U.. and optimally about 
4.5 O.U. Additional effective amounts of tiiese and otiier clostridial antigens wiU be 
readily determined by those of skill in the art using standard dose response curves. 

The dispersible, non-depot adjuvant is generally added to a final 
concentration of between about 0.01% w/v to about 0.1% w/v. more preferably 
about 0.03% w^ to about 0.08% w/v and optimaUy to about 0.05% w/v. After 
assembly, sterile water or anodier suitable vehicle can be added to the lequired 
volume. The pH is then adjusted, generally to a value between pH 6.5 to 7 J. 
Residual fonnaldehyde content can be assayed in terais of formalin and adjusted, if 
necessary, to not more dian 0.3% (v/v). and preferably, not more tiian 0.2% (v/v) in 

ordertoavoidtfaedestabilizingeffectoffonnaldehydeonunadsorbedclostridial ' 
toxoids during long-term storage. Most preferable, formalin content is kept to 0.2%. 
or less, during storage of the vaccine compositions. 

To immunize a bovine subject, the vaccine compositions of the 
present invention are generally administered parenteiaDy. preferably by intramuscular 
orsubcutaneousinjection. Odier modes of adminisiration, however, such as 
intraperitoneal and intravenous injection, are also acceptable. The quantity to be 

administered dq)ends on the animal to be treated, die capadty of the animal's immune 
system to symhesize antibodies, the degree of protection desired and the particular 

clostridial infection being targeted. Fbr example, to irnmunizecanle with die 
clostridial vaccine compositions described above, generally between 0 J ml to 10 ml 
wiUbeadministered.moreprcferablylto5mL Other effective dosages can be 
readily established by one of ordinary skiU in die art tiiiDugh routine trials. 

The subject is immnniz e d by administration of die vaccine 
formulation, in at least one dose, and preferably two or more doses. However, tiie 

anirnal nwy be administered as many doses as is reqdied to rnaintain a state of 
immunity against clostridial infection. For example, boosters given at regular 

-8- 
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intervals, i.e., at six months or yeaiiy, may be desirable in order to sustain immunity 
at an effective leveL 

For optimal results, the above vaccine compositions may be 
administered to animals prior to weaning, with a second dose given at weaning age. 
Pregnant animals, that have not previously been vaccinated, can be administered two 
doses, one near the end of the gestation period. In animals previously vaccinated, a 
single booster can be administered prior to delivery. 



Below are examples of specific embodiments for canying out the 
present invention. The examples are offered for iUustrative puiposes only, and are 
not intended to limit the scope of the present invention in any way. 

Efforts have been made to ensure accuracy witii respect to numbers 
used ie.g., amounts, temperatures, etc.), but some experimental eiror and deviation 
1 5 should, of course, be allowed for. 



Example 1 

Prgparation of an ^-wj^y MalticomT)onftnt Clostridial Va r cine Inclnriinp ^ f^^ ^nn 

AdiHvant 

^ ° An 8-way clostridial vacdne was formulated using C. chauvoei, C. 

septicum, C. novyi, C. sordelli, C. perfringens Type C and C. pafiingens Type D, as 
foUows. (The vaccine is tenned an 8-way vaccine because it piovides protection not 
only against the organisms Ksted, but also against C. perfringens Type B.) 

The above dostiidial species were cultured using techniques well 
25 known in the art Cultines were monitored by measuring the optical density at 625 
nm. When the optical density of tiie cultures reached a maximum, formalin was 
added to a final concentration of 0.7% (v/v) to 0.8% (v/v). Cultiires were tiien 
inactivated for app r oxim ately 1 to 3 days. 

After inactivarion, tiie C. perfringens cultures were clarified 
30 aseptically by centrifiigation and stored at 4'C If necessary, the inactivated, clarified 
cultures were concentrated by ultrafiltration to reduce the culture volume required 
for serial assembly and to aid in standardization of die pioducL 

In order to avoid destabilizarion effects tiiat might be caused by higher 
finmalin concentrations in die absence of aluminum hydroxide gds, sodium bisulfite 
35 solution (37% (w/v) was added to all cultures when processing was completed (i.c., 
after concentration and clarification), to neutralize residual fiee formalin in excess of 
0.2%. 
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The cultures were combined so that each dose of vaccine contained a 
standard amount of each culture ftaction as foUows: C. chauvoei - 2.28 O.U.. C 
septicum ~ 900 MLD. C. novyi - 15,000 MLD, C. sordelli - 50 L+. C. perfringens 
Type C - 375 L+, C. perfringens Type D - 150 L+. C. haemofytictmt - 270 L+ and 
5 4.5 O.U. bacterial cells. 

The volume of each culture required was detenmned by dividing the 
amount of antigen required per dose by the antigen content of the culture used, and 
then multiplying by die number of doses required. 

For example, the pre-inactivation toxin assay of a C. novyi culture 
1 0 showed it to contain 80,000 MLD/mL the culture was standariizcd to 15.000 

MLD/dose. nie amount of culture required for a 1500 Bter serial of 300.000 doses 
was: (15,000/80,000) x 300,000 = 56.25 litos. 

An exenq)lary serial assembly was perfonned as follows: 
Assuming that finished cul&irc components were available which had 
15 the following calculated antigen values: 

i- C. chauvoei OD 12.0 

C. septicum 3,000 MLD/ml 

C. novyi 80.000 MLD/ml 

20 iv. C.sordeUi TOWml 

V. C. perfringens Type C 400 Lf /inl 

vi C. perfringens TypcD ITOL+fwl 

vii. C.haemofyticum 360 L+/ml and OD 6.0 



25 



in Table 1. 



A serial of 1500 Uters was assembled fiom the components as shown 



TaUel 



30 



Conroonent 


yplVTOfL) 


C. chauvoei 


57 


C. septicum 


90 


C. novyi 


56.25 


C.sordellu 


214 


C. perfringens Type C 


281.25 


C. perfringens Type D 


375 


C. haemolyticum 


275 


Total culture volume 


1298.5 
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7.5 L sterile saponin solution (10% wA^) 
1 94 L sterile water 

5 

Total Volume 1500 L 

The adjuvant, saponin, had a final concentration of 0.05% (wA'). the 
formalin concentration of the product was tested again and adjusted to 0.15-0.2%. 
10 The formalin was the only preservative. The pH of &e assembled serial was adjusted 
to 6.8-7.0. 



Example 2 
Potency of the. M ulticomponmit 
15 Qostridial Vaccina 

An 8-way vaccine prepared as described in Exan^le 1 above was 
subjected to potency tests in rabbits and guinea pigs. USDA standard tests {9 CFR 
1 13.106-.1 12) were used for each organism excq)t C. septicum, for which no USDA 
test exists. In addition to the standard guinea-pig test, the C. haemofyticum antitoxin 
2 0 responses were titrated. 

All the antitoxin titrations were done on the serum from a single batch 
of vaccinated rabbits. At least eight rabbits, weighing four to eight pounds, were 
injected subcutaneously with one-half of the catde dose, twice at an interval of 20-23 
days. TTic rabbits were bled 14 to 17 days after revacdnation. Serum from at least 
25 seven rabbits was pooled and the different antitoxins assayed. 

As Table 2 shows, the product met or exceeded all the potency 
standards. The C . haemofyticum component perfiarmed vray well in both the official 
guinea-pig potency test and tiie unofficial antitoxin-response testin rabbits. 
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Example ^ 

Preparation of a 7-wav Mn1rif.nmnonCTt Pl^^t^^^j^l 
Vaccine TncliiHin g a Saponin A^ f j^ ^vanf 
A 7-way multicomponent clostridial vaccine was prepared as 
5 described in Example 1. except that the C. haemofyticum component was not 
included in the formulation. This vaccine was compared with an identical vaccine 
with no adjuvant, as weU as with a conomercially available multicomponent clostridial 
vaccine, Ultrabac 7 (SmithKline Beecham). which includes 25% A1(0H)3 gel as 
adjuvant, in studies of local reactions in cattle, antibody responses in catde, and 
1 0 antibody responses and protection against an infective challenge in guinea-pigs 

A. Safety 



20 



SUldjLL Ten cattle were vaccinated subcutaneously with 5 ml of each of the 
three vaccines, at separate sites, twice at an interval of 4 weeks. The injection site 
15 reactions of the catfle were observed four and six weeks foUowing revaccination. 
The results are shown in the following tables. 



Tabled 

Iniggtion-Sitfi Reactions of Canle Oiven Multipl e Iniectinn. nf rtostririial 7-u>av 



Adjuvant 


Number 
Reacting/ 
Total 


Worst 
Reaction 
(cc)* 


Average 
Size 

Reaction 
(cc)* 


Average 
Reaction 
Per Group 
(cc)* 


Al(OH)3gel 
(UltrabacT) 


9/10 


32.5 


10.0 


9.0 


Saponin 


0/10 


0.0 


0.0 


0.0 


No Adjuvant 


0/10 


0.0 


0.0 


0.0 



3 5 (Dome of constant curvature) 
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Table 4 



IniggtiOn-Sitg Rgactions of Cattle Give.n Mtilrip le Tnierrinr,. nf gpstriHipT V.y^y y ^^^ 



Adjuvant 


Number 
Reacting/ 
Total 


Worst 
Reaction 
(cc)* 


Average 
Size 

Reaction 
(cc)* 


Average 

Per Group 
(cc)* 


Al(0H)3gel 
(Ultrabac?) 


6/10 


16.5 


5.2 


3.1 


Saponin 


0/10 


0.0 


0.0 


0.0 


No Adjuvant 


0/10 


0.0 


0.0 


0.0 



(Dome of constant curvature) 
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As shown in Tables 3 and 4. Ultrabac 7. which contains 25% v/v aluminum 
hydroxide gel. when injected subcutaneously into catde. induced local reactions. TTie 
catfle exhibited worse reactions to die second dose, the first dose evidenUy having 
sensitized the animals. TTie tables provide the swelling volumes that resulted fiom 
the second dose, as measured at 4 and 6 weeks. The reactions were chronic in 6 of 
the 10 catde, still being measurable at 6 weeks. Tht other two vaccines with saponin 
alone or no adjuvant, induced transient swellings for a few days. There was nothing 
detectable at the injection sites with either vaccine at 4 or 6 weeks. None of the 
catde showed any other clinical signs, local or systemic. 



30 



35 



Study 2. Forty cattie (20 beef and 20 dairy) were vaccinated with an 8-way 
ctostridial vaccine containing saponin as adjuvant, made as in Example 2. TTie catfle 

were vaccinated widi 5 ml deep in die round (ham) twice at an interval of 2 weeks. 
Ten animals, five of each kind, were slanghteied 30 days after die second dose, and 

anotherfivewereslaughterBd61daysafterdieseconddose. The injection sitJs were 
dissected and samples removed for histopafliology. 

A narrow band of fibrous scar tissue was found ninning vertically wifliin die 

injected muscle in every case. The lengdi of die band was 5 to 10 cm. The bands 

averaged about 1 cm in diickness at 4 to 6 weeks. By 9 to 1 1 weeks most of die scar 

tissue had disappeared and was replaced by normal muscle. At diis stage, die scar 
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tissue was in the form of a flat ribbon that was difficult to detect and to distinguish 
from the normal fibrous tissues in the fascial planes between the muscles. 
Histopathology confirmed the purely fibrous nature of the reaction and showed no 
evidence of pus or abscess formation. Such slight scarring is unlikely to be detected 
5 or to lead to trim loss at the slaughter house. 

SSa^ To provide evidence of the difference in reactivity on subcutaneous 
injection, cattle were vaccinated behind the shoulder, over the rib cage, twice at an 
interval of 21 days. TTie second dose was given 15 to 20 cm behind the first Five 
were vaccinated with 5 ml of Ultrabac 8 and five with 5 ml of the 8-way vaccine 
containing saponin used in study 2. During the finst week, the product with saponin 
mduced diffuse flat swellings smaUer than those induced by Ultrabac 8. By 2 to 3 
weeks, the swellings induced by the product with saponin had almost completely 
disappeared. The swellings induced by Ultrabac 8 became more compact and 

circumscribed.havingtheappearanceofahen'seggplantedundertheskin. These 
showed Uttle resolution at 5-1/2 weeks. At that time the injection sites of the saponin 
product were completely undetectable. 

nie cattle used in this study were pure or cross-bred Aberdeen Angus or 
Herefords.apaitfiomonecalfconsideredtobeoftheCharolaisbreed. TTiiscalfwas 
vaccmated with Ultrabac 8 and it was the only calf in the Ultrabac 8 group that failed 
to react as described. 

B. Anrihodv Rftgpnnfi^^ 

Ciroups of 8 cattle were vaccinated subcutaneously with the 7-way vaccine 
containing saponin, or Ultrabac 7. or were left unvaccinated as negative controls 
nie vaccinates were injected with 5 ml, twice at a 4-weck interval, and were bled at 2 
weeks and again. 3 months later. TTieir antibody responses are shown in Tables 5 and 
6. Gumea pigs were similariy vaccinated and the itsults shown in Table 7. Ascanbe 
seen, the guinea-pig antibody responses support the cattle results. This smdy also 
showed that saponin was better than Al(OH)3 gel (Ultrabac 7) in protecting guinea 
p:gs against virulent challenge in the USDA standard potency test for C. c/uiKvoa 
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nius, novel multicomponent clostridial vaccine compositions using saponin 
adjuvants, and methods for administering the same, are disclosed. Although 
preferred embodiments of the subject invention have been described in some detail, it 
is understood that obvious variations can be made without departing from the spirit 
and the scope of die invention as defined by die appended claims. 
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QainK 

1. A multicomponent clostridial vaccine composition comprising two or 
more clostridial immunogens and a rapidly dispersed adjuvant 

2. The vaccine composition of claim 1, wherein said adjuvant is saponin. 

3. The vaccine conqjosition of claim 1 wherein said clostridial immunogens 
comprise two or more clostridial bacterins or toxoids. 

4. The vaccine composition of claim 3 wherein said two or more clostridial 
bacterins or toxoids arc derived from the group of Clostridia consisting of 
Clostridium perfringens, Clostridium septicum, Clostridium tetani, Clostridium 
c/umvod, Clostridium novyi, Clostridium sordean, Clostridium haemofyticum, 
Clostridium botulimon, and serotypes Uiereof. 

5. TTie vaccine composition of claim 3 wherein said composition comprises 
clostridial bacterins or toxoids derived finom each of Clostridium chauyoei, 
Clostridium septicum, Clostridium novyi, Clostridium sordellii, ClostridiL 
perfringens. Type C and Clostridium perfringens, Type D. 

6. The vaccine composition of claim 3 wherein said composition comprises 
clostridial bacterins or toxoids derived fiom each of Clostridium haemofyticum, 
Clostridium chauvoei, Clostridium septicum, Clostridium novyi, Clostridium 
sorddUi, Clostridium perfringens. Type C and Clostridium perfringens. Type D. 



7. A miilticon^xinent clostridial vaccine composition comprising: 

(a) clostridial bacterins or toxoids derived finom each of Clostridium chauvoei, 
Clostridium septicum, Clostridium novyi, Clostridium sordellii, Clostridium 
perfringens. Type C and Clostridium perfringens. Type D; and 
> (b) a saponin adjuvant 

8. A multicongxjnent clostridial vaccine conqjosition comprising: 

(a) clostridial bacterins or toxoids derived from each of Clostridiurn 
haemofyticum, Clostridium chauvoei, Clostridium septicum, Clostridium novyi, 
Clostridium sordellii, Clostridium perfringens. Type C and Clostridium perfringens. 
Type D; and 

(b) a saponin adjuvant 
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9. A method of preventing or treating clostridial infection in a bovine animal, 
said method comprising administering an effective amount of the vaccine composition 
of claim 1 to said bovine animal 

5 

10. A mediod of preventing or treating clostridial infection in a bovine 
animal, said method comprising administering an effective amount of the vaccine 
coniposition of claim 7 to said bovine animal. 

10 11. A method of preventing or treating clostridial infection in a bovine 

animal, said method comprising administering an effective amount of die vaccine 
composition of claim 8 K) said bovine animal 

12. The metfiod of claim 9 wherein said administering is done via an 
15 intramuscular injection. 

13. The mediod of claim 10 wherein said administering is done via an 
intramuscular injection. 

20 l**- The mediod of claim 11 wherein said administering is done via an 

intramuscular injection. 

15. The method of daim 9 wherein said administering is done via a 
subcutaneous injection. 

25 • 

16. nie method of daun 10 wherein said administering is done via a 
subcutaneous injection. 

17. The mediod of daim 1 1 wherein said administering is done via a 
30 subcutaneous injection. 
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